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(54) Control device for gear shifting in a hybrid car 

(57) The invention relates to a control device for a 
hybrid car having driving power variation part estimating 
means 1 40 of a power train controlling unit 1 00 estimat- 
ing a driving power variation part at the time of change- 
speed switching. Driving power correcting means 150 
increases the output of a dynamo-el ectric machine 19 
so as thereby to correct the drivi ng power variat ion part, 
on the basis of the driving power variation part found by 
the driving power variation part estimating means 140. 
Further, revolution numb er synchronizing means 1 60 ef - 
fects a revolution number synchronization between the 
input shaft 40 of a transmission and the output shaft 20 
of a motor 1 9 on the basis of the driving power correction 
part found by the driving power correcting means 150. 
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Description 

BACKGROUND OF THE INVENTION 

[0001 ] This invention relates to a control device for a 
hybrid car comprising an internal combustion engine, a 
dynamo-electric machine and a power transmission de- 
vice, and particularly relates to a control device for a hy- 
brid car designing the improvement of acceleration abil- 
ity for the automobile. 

[0002] From the viewpoint of recent global environ- 
ment problems, in a hybrid car (hereunder, referred to 
as "HEV") by which the considerable reduction of the 
fuel consumption of an automobile can be expected, the 
establishment of a driving power management HEV 
control system for designing the consistence of the fuel 
consumption and the acceleration ability has been im- 
portant. In this system, it is needed that, as acceleration 
and deceleration senses demanded by a driver is satis- 
fied, to operate an internal combustion engine (herein- 
after, referred to as "an engine") and a dynamo-electric 
machine (hereunder, referred to as "a motor") with high 
efficiency the engine, the motor and a power generator 
be integrated-controlled. 

[0003] Generally, the HEV comprises the engine, the 
dynamo-electric machine and a power transmitting de- 
vice. And, as a prior art control device for the HEV, a 
control device for a hybrid car is known in which the 
change-speed is adapted to be achieved depending up- 
on the operating conditions of the automobile by com- 
bining, as the change-speed device, a staged gear 
transmission and a moving start clutch operating to cut 
off and connect the power transmission of the engine, 
as described in Japanese Patent Application Laid-Open 
No. 69509/1999, for example. This uses a moving start 
clutch device operating hydraulically, for example, and 
when the control device determines that the change- 
speed should be done depending upon a driver inten- 
tion, for example a acceleration pedal operating amount 
and the speed of the automobile, the moving start clutch 
device is cut off, and the transmission is operated for 
the change-speed by a hydraulic device, etc.. And, it is 
constructed to connect, after the change-speed, the 
moving start device again. 

[0004] In the automobile using such transmission 
mechanism, when the change-speed is effected at 
change-speed timing defined by the acceleration pedal 
controlling amount and the automobile speed, the throt- 
tle is closed independently from the driver intention and 
as a result the engine torque decreases temporarily, and 
at the same time the moving start clutch device is cut 
off and as a result the driver feels the deceleration sense 
and the discomfort sense. In the invention disclosed in 
the above-mentioned Japanese Patent Prepublication, 
the occurrence of the deceleration sense at the time of 
the change-speed is avoided by arranging at a proper 
position a motor by which it is possible to perform the 
driving of a drive wheel and electric power regeneration 



by means of said driving wheel and by increasing the 
driving torque of said motor when the moving start clutch 
device is cut off accompanying the above-mentioned 
change-speed operation. 

5 [0005] However, in the prior art control device, in order 
to cause the staged gear transmission to change speed 
by using a synchronization mating type mechanism 
such as a dog clutch, it was needed to cut off the moving 
start clutch, make the torque at the input shaft-side of 

10 the transmission zero, perform the synchronization of 
the input and output shafts of the transmission, and re- 
lease the dog clutch. Thus, in the prior art change-speed 
method in which the moving start clutch is cut off, there 
was a problem that since it is impossible to increase the 

15 driving torque of said motor until the dog clutch is re- 
leased, the torque of transmission output shaft certainly 
drops to near zero. As a result, the driver feels a shock 
and the ride quality deteriorates. 
[0006] Also, there is a problem that in case where the 

20 driving torque of said motor is increased, the revolution 
number of the output shaft of the motor directly coupled 
to the driving wheel increases and the revolution 
number synchronization between the output shaft of the 
internal combustion engine the output shaft of the motor 

25 becomes imperfect, and as a result inertia torque is gen- 
erated when the moving start clutch is connected, 
whereby the driverfeels a shock and the ride quality de- 
teriorates. 



[0007] The first object of this invention is to provide a 
control device for a hybrid car wherein in case where a 
staged gear transmission is change-speedd using a 
synchronization mating type mechanism such as a dog 
clutch, a torque drop at the time of change-speed oc- 
curring when a moving start clutch is cut off is sup- 
pressed, thereby to improve the acceleration of ability 
the automobile. 

[0008] The second object of this invention is to pro- 
vide a control device for a hybrid car wherein the gen- 
eration of inertia torque in case where the occurrence 
of a deceleration sense at the time of change-speed by 
increasing the driving torque of a motor is avoided, is 
suppressed, thereby to improve the acceleration of abil- 
ity the automobile. 

[0009] In order to achieve the above-mentioned ob- 
jects, this invention provides a control device for a hybrid 
car including; an internal combustion engine, at least 
one dynamo-electric machine, a transmission mecha- 
nism between the output shaft of said internal combus- 
tion engine and the output shaft of said dynamo-electric 
machine, and a clutch mechanism for change-speed 
switching provided in said transmission mechanism, 
wherein said change-speed switching is effected with- 
out intercepting power transmission from the output 
shaft of said internal combustion engine to said trans- 
mission mechanism, said control device comprising; 
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driving power variation part estimating means for esti- 
mating a driving power variation part at the time of said 
change-speed switching, and driving power correcting 
means for increasing the output of said dynamo-electric 
machine so as thereby to correct said driving power var- 5 
iation part, on the basis of the driving power variation 
part found by said driving power variation part estimat- 
ing means. 

[0010] Preferably, the control device for a hybrid car 
further comprises revolution number synchronizing 
means for effecting revolution number synchronization 
between the output shaft of said internal combustion en- 
gine and the output shaft of said dynamo-electric ma- 
chine on the basis of the driving power correction part 
found by said driving power correcting means. 
[0011] Preferably, the control device for a hybrid car 
is so arranged that an electronically controlled throttle 
is used in said revolution number synchronizing means. 
[0012] Preferably, the control device for a hybrid car 
is so arranged that a second dynamo-electric machine 
connected to said internal combustion engine is used in 
said revolution number synchronization means. 
[0013] With such construction, it is actualized that in 
case where a staged gear transmission is change- 
speedd using a synchronization mating type mecha- 
nism, the improvement of acceleration ability for the au- 
tomobile can be achieved by depressing torque reduc- 
tion at the time of the change-speed occurring due to 
the cutting off of a moving start clutch and by increasing 
the driving torque of a motor, thereby to suppress the 
generation of inertia torque when the occurrence of the 
sense of deceleration at the time of the change-speed 
is eluded. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0014] 

Fig. 1 is a system construction view showing the 
configuration of a hybrid car using the control device 
of the hybrid car according to one embodiment of 
this invention; 

Fig. 2 is an explanatory view of processes executed 
in change-speed switching means used in the con- 
trol device for the hybrid car according to one em- 
bodiment of this invention; 
Fig. 3 is a time chart showing a controlling method 
at the time of change-speed switching using the 
control device of the hybrid car according to one 
embodiment of this invention; 
Fig. 4 is an explanatory view of processes executed 
in driving power variation part estimating means 
used in the control device for the hybrid car accord- 
ing to one embodiment of this invention; 
Fig. 5 is an explanatory view of processes executed 
in driving power correcting means used in the con- 
trol device for the hybrid car according to one em- 
bodiment of this invention; 



Fig. 6 is an explanatory view of processes in revo- 
lution number synchronizing means used in the 
control device for the hybrid car according to one 
embodiment of this invention; 
Fig. 7 is a system construction view showing the 
configuration of a hybrid car using a control device 
for a hybrid car according to another embodiment 
of the invention; 

Fig. 8 is an explanatory view of processes executed 
in change-speed switching means used in the con- 
trol device for the hybrid car according to another 
embodiment of this invention; 
Fig. 9 is an explanatory view of processes executed 
in driving power variation part estimating means 
used in the control device for the hybrid car accord- 
ing to another embodiment of this invention; 
Fig. 1 0 is an explanatory view of processes execut- 
ed in driving power correcting means used in the 
control device for the hybrid car according to anoth- 
er embodiment of this invention; 
Fig. 11 is an explanatory view of processes in rev- 
olution number synchronizing means used in the 
control device for the hybrid car according to anoth- 
er embodiment of this invention; 
Fig. 12 is a system construction view of a hybrid car 
according to sill another embodiment of this inven- 
tion; and 

Fig. 1 3 is a time chart showing controls executed at 
the time of change-speed in the embodiments of 
this invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0015] Fig. 1 is a system diagram showing the system 
construction of a hybrid car using a control device for a 
hybrid car, according to one embodiment of this inven- 
tion. 

[001 6] A moving start clutch 39 is placed between the 
output shaft 2 of an engine 1 and the input shaft 40 of a 
transmission, and the output shaft 2 and the input shaft 
40 are broken or cut off and connected by the breaking 
and connecting operation of the moving start clutch 39. 
The input shaft 40 has thereon a low speed engine-side 
gear 4 including a mating gear 3, a high speed engine- 
side gear 6 including a mating gear 5, a hub 7 directly 
coupling the low speed engine-side gear 4 and the high 
speed engine-side gear 6 to the output shaft 2, and a 
low speed synchronizer ling 8 and a high speed syn- 
chronizer ling 9. 

[0017] A stopper (not shown) is provided so that the 
low speed engine-side gear 4 and the high speed en- 
gine-side gear 6 can not be moved in the axial direction 
of the input shaft 40. Grooves (not shown) which are 
adapted to engage with a plurality of the grooves 1 0 of 
the input shaft 40 are provided on the inside face of the 
hub 7, whereby the hub 7 is movable in the axial direc- 
tion of the input shaft 40, but the movement toward the 



15 



20 



25 



30 



35 



AO 



45 



50 



3 



5 



EP 1 122 109 A2 



6 



rotational direction of the input shaft 40 is limited. There- 
fore, in case where the moving start clutch 39 is con- 
nected, the torque output from the engine 1 is transmit- 
ted to the hub 7. 

[0018] In order to transmit the torque from the engine 5 
1 to the low speed engine-side gear 4 and the high 
speed engine-side gear 6, it is needed to cause the hub 

7 to move in the axial direction of the input shaft 40, and 
to couple directly the hub 7 to the mating gear 3 or the 
mating gear 5 through the low speed synchronizer ring 

8 or the high speed synchronizer ling 9, respectively. To 
transfer the hub 7, a hydraulic actuator 27 is used which 
is controlled by a dog clutch controlling device 36. Here- 
in, a clutch mechanism comprising the hub 7, the mating 
gear 3, the mating gear 5, the low speed synchronizer 
ring 8 and the high speed synchronizer ring 9 is referred 
to as "a dog clutch". This clutch mechanism enables to 
transmit energy from a power source such as the engine 
1 to a tier 25 with high efficiency, thereby to provide low 
fuel consumption. 

[0019] The above-mentioned clutch mechanism and 
hydraulic actuator are also used to couple directly the 
input shaft 40 of the transmission to the output shaft 13 
of a power generator 18. On the input shaft 40, a power 
generator engine-side gear 1 1 is provided which rotates 
with the input shaft. Also, on the output shaft 13, there 
are provided a power generator-side gear for the power 
generator, 12 having a mating gear 14, a hub 16 for di- 
rectly coupling the power generator-side for the power 
generator, 1 2 and the output shaft 1 3, and a power gen- 
erator synchronizer ring 1 5. The hub 1 6 rotates with the 
output shaft 13, and is movable along grooves 1 7 in the 
axial direction of the output shaft 1 3. 
[0020] On the output shaft 20 of a motor 1 9 for driving 
an automobile (not shown), there are provided a low 
speed motor-side gear 21 and a high speed motor side 
gear 22 which engage with the low speed engine-side 
gear 4 and the high speed engine-side gear 6, respec- 
tively. Also, on the output shaft 20 a finally decelerating 
gear 23 is provided which enables the running of the 
automobile with only the motor 19. 
[0021] In the engine 1 , the amount of intake air is con- 
trolled by an electronically controlled throttle 29 at- 
tached to an intake pipe 28, whereby the amount of fuel 
compatible with the amount of air is injected from a fuel 
injecting device 33. The electronically controlled throttle 
29 comprises a throttle valve 30, a driving motor 31 and 
a throttle sensor 32. 

[0022] Also, an air fuel ratio is determined on the basis 
of the amount of air and the amount of fuel, and depend- 
ing thereupon fuel is injected into a cylinder by the fuel 
injecting device 33. Ignition timing is determined on the 
basis of signals such as an engine revolution number- 
signal, etc., and depending thereupon ignition is per- 
formed by an ignition device 34. As the fuel injection de- 
vice 33, various injection systems including an intake 
port fuel injection system in which fuel is injected to an 
intake port and a cylinder fuel injection system in which 



fuel is injected directly into a cylinder may be utilized, 
but it is preferable to select a system which enables to 
decrease fuel consumption and is superior to exhaust 
gas ability, comparing operation areas (as determined 
by the engine torque and the engine revolution number) 
required by the engine. 

[0023] Next, a control device 100 for controlling the 
engine 1 , the power generator 1 8 and the motor 1 9 will 
be explained. 

[0024] The power train controlling unit 100 receives 
as input signals an acceleration pedal control amount 
signal , a brake control signal p, a shift lever position 
signal li, a battery capacity signal Vb, a motor revolution 
number signal Nm, an engine revolution number signal 
Ne and a power generator revolution number signal Ng. 
The power train control unit 1 00 computes the torque Te 
of the engine 1 , and sends it to an engine control unit 
35 through LAN which constitutes communication 
means. In the engine control unit 35, the amount of throt- 
tle valve opening, the amount of fuel and ignition timing 
which achieve the torque Te of the engine 1 are com- 
puted, and depending thereupon respective actuators 
are controlled. 

[0025] Also, the power train control unit 1 00 computes 
the loads of the motor 1 9 and the power generator 18, 
and sends them to a motor control unit 37 through the 
LAN, and depending thereupon the respective actuators 
are controlled. The motor control unit 37 functions to 
cause power obtained from the power generator 1 8 to 
be supplied to the battery 38 for its charging, and to 
cause power from the battery 38 to be supplied to the 
motor 1 9, etc. for their driving. 
[0026] The power train control unit 100 comprises 
driver intension detecting means 1 1 0, automobile speed 
detecting means 120, change-speed switching means 
130, driving power variation part estimating means for 
estimating the driving power variation part occurring at 
the time of the change-speed, driving power correcting 
means 150 for correcting the driving power variation part 
and revolution number synchronizing means 160 for 
achieving revolution number synchronization between 
the engine output shaft and the motor output shaft. In- 
cidentally, the change-speed switch means 130 will be 
explained hereinafter in detail. 
[0027] The driver intention detecting means 110 de- 
tects the intention of a driver on the basis of the accel- 
eration pedal controlling amount and the brake control 
power p. 

[0028] The automobile speed detecting means 120 
computes the automobile speed Vsp on the basis of the 
motor revolution number Nm detected by a motor revo- 
lution number sensor (not shown), etc. (in this case, the 
computation is performed as Vsp = f(Nm) using a func- 
tion f). 

[0029] Now, processes effected in the change-speed 
switching means 130 will be explained using Fig.2. Fig. 
2 shows the speed controlling command Ss character- 
istics of the transmission mechanism using the above- 
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mentioned dog clutch for further improving in efficiency 
the operation areas of the engine 1 and the motor 19. 
The change-speed command Ss is determined on the 
basis of the acceleration pedal controlling amount and 
the automobile speed Vsp, for example. The change- 
speed command Ss is found as such a value that the 
engine 1 acts with the maximum efficiency within the 
overall operation area, by using a p re-experiment, a 
simulation or the like, these values being stored in mem- 
ory means (not shown) within the powertrain control unit 
100. 

[0030] Also, the driving power variation part estimat- 
ing means 140 computes target driving power Ttar on 
the basis of the acceleration pedal controlling amount 
and the automobile speed Vsp (in this case, the compu- 
tation is performed as Ttar = h( , Vsp) using function h). 
The driving power variation part can be estimated on the 
basis of the target driving force Ttar computed according 
to the function h; the engine revolution number Ne de- 
tected by an engine revolution number sensor (not 
shown), etc.; the torque of the engine 1 computed on 
the basis of the electronically controlled throttle opening 
6 sent from the engine controlling unit 35; and the torque 
of the motor 1 9 sent from the motor controlling unit 37. 
[0031 J The driving power correcting means 1 50 com- 
putes the driving power correction part on the basis of 
the driving power variation part found in the driving pow- 
er variation part estimating means 140, computes the 
target torque Tm of the motor 1 9, and sends the target 
torque Tm of the motor 19 to the motor controlling unit 
37 through the LAN. 

[0032] Also, the revolution number synchronizing 
means 160 computes such electronically controlled 
throttle opening 6 that the revolution number synchroni- 
zation is achieved between the input shaft 40 of the 
transmission and its output shaft 20, on the basis of the 
driving power correction part found in the driving power 
correcting means 150, and sends the computed elec- 
tronically controlled throttle opening 0 to the engine con- 
trolling unit 35. 

[0033] Then, the control method at the time of the 
change-speed using the control device of a hybrid car 
according to this embodiment will be explained using 
Fig. 3, Fig. 4, Fig. 5 and Fig. 6. 
[0034] First, a control method at the time of the first 
to second change-speed will be explained using Fig. 3. 
[0035] Fig. 3 is a time chart showing the control meth- 
od at the time of the first to second change-speed using 
the control device for the hybrid car according to one 
embodiment of this invention. 

[0036] In Fig. 3, Fig. 3(A) indicates a change-speed 
command Ss, Fig. 3(B) a shift lever position li, Fig. 3(C) 
an acceleration pedal controlling amount , Fig. 3(D) a 
throttle opening 9, Fig. 3(E) engine torque Te, Fig. 3(F) 
motor torque Tm, Fig. 3(G) output shaft torque To cor- 
responding to the driving power of the automobile, Fig. 
3(H) an engine revolution number Ne, and Fig. 3(l) an 
output shaft revolution number Nm.Also.the abscissa 



axis of the time chart indicates time. 
[0037] As shown in Fig. 3(A), at the point of time to, 
when the change-speed command Ss is output from the 
change-speed switching means 130 as shown in Fig.2 

5 in response to the acceleration pedal controlling amount 
tl and the automobile speed Vsp control for suppress- 
ing the driving power variation occurring at the time of 
the change-speed is started. For the purpose of simpli- 
fication, as shown in Fig. 3(C), it is assumed that the 

io acceleration pedal controlling amount is constant ( = s). 
[0038] In the first, as shown in Fig. 3D, the electroni- 
cally controlled throttle is controlled to start the closing 
thereof at t = to, and to become the throttle opening 6 = 
62 (= 0). This is because it is needed to synchronize the 

is torque of the input shaft 40 of the transmission and the 
torque of its output shaft 20 to alter the dog clutch from 
the first speed coupling state to the released state under 
the condition that the moving start clutch 39 is connect- 
ed, so it is needed to control the engine torque Te in 

20 response to the motor torque Tm for correcting the 
torque reduction of the output shaft at the time of the 
dog clutch releasing. As shown in Fig. 3(E), there is a 
slight response delay in the engine torque Te after the 
closure of the throttle opening 6, and at the point of time 

25 tl the engine torque Te starts its reduction. 

[0039] And, as shown in Fig. 3(F), at the point of time 
tl, the motor torque Tm starts its increase, and as shown 
in Fig. 3(B), at the point of time t2 at the time when the 
engine torque Te and the motor torque Tm are synchro- 

30 nized, the dog clutch becomes its release condition, and 
the shift lever position li is moved from the first speed 
state to a neutral state. Since during such release con- 
dition of the dog clutch, the engine torque Te is not trans- 
mitted from the input shaft 40 of the transmission to its 

35 output shaft20, torque reduction by which the occupant 
of the automobile would receive a shock occurs, so the 
treatment for correcting the above-mentioned torque re- 
duction part by increasing the motor torque up to Tm2 
as shown in Fig. 3(F) is considered. At that time, the 

40 output shaft revolution number increases by the amount 
corresponding to the increase of the motor torque to 
Tm2. 

[0040] On the other hand, in order to couple the dog 
clutch to the second speed state, It is needed to perform 

45 synchronization between the engine revolution number 
Ne and output shaft revolution number Nm. However, 
there occurs a problem that since with the throttle closed 
the engine revolution number drops up to Ne2 so the 
revolution synchronization becomes imperfect, at the 

50 time of the coupling inertia torque is produced and the 
coupling to the second speed becomes impossible. 
[0041] In order to solve this problem, it is needed to 
increase the throttle opening 6 up to 6 3 at the point of 
timet3 as shown in Fig.3(D), thereby to synchronize the 

55 engine revolution number Ne with the output shaft rev- 
olution number Nm. Such timing t3 that this throttle 
opening 6 is increased and the throttle opening 63 are 
determined on the basis of the motor torque Tm3 at the 
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time of the dog clutch releasing and the period during 
which that torque is outputting, so that the engine revo- 
lution number Ne is synchronized with the output shaft 
revolution number Nm. In response to this throttle open- 
ing 83, the engine torque Te and the engine revolution 5 
number Ne increase up to Te3 and Ne3, respectively, at 
the point of time t4 the engine revolution number Ne3 
and the output shaft revolution number Nm3 are syn- 
chronized, thereby to couple the dog clutch to the sec- 
ond speed, and the shift lever position li moves from the 
neutral to the second speed. Also, at the time t > t4, in 
order to correct the delay part of the engine torque Te, 
the motor torque is controlled to become Tm3, whereby 
the delay of the motor torque Te is removed and the 
change-speed control is finished. The above-mentioned 
control method enables to suppress the torque variation 
occurring at the time of the change-speed, and to pro- 
vide smooth change-speed. 

[0042] Next, a method for estimating the driving pow- 
er variation part at the time of the change-speed will be 
explained using Fig. 4. 

[0043] Fig. 4 is a flow chart showing processes per- 
formed in the driving power variation part estimating 
means 140 which is used in the controlling apparatus 
for the hybrid car according to one embodiment of this 
invention. 

[0044] The driving power variation part estimating 
means 140 estimates the driving power variation part 
on the basis of the target driving power found from the 
acceleration pedal operating amount and the automo- 
bile speed Vsp. 

[0045] First, in Step 401 , the driving power variation 
part estimating means 140 reads the change-speed 
command Ss. 

[0046] Next, in Step. 402, the driving power variation 
part estimating means 140 reads the engine revolution 
number Nel at the time of the change-speed command 
output (t = tO) detected by an engine revolution number 
sensor (not shown), etc. 

[0047] Next, in Step 403, the driving power variation 
part estimating means 1 40 reads the throttle opening 01 
at the time of the change-speed command output (t = 
tO) sent from the engine controlling unit 35 through the 
LAN. 

[0048] Next, in Step 404, the driving power variation 
part estimating means 1 40 computes the engine torque 
Tel at the time of the change-speed command output (t 
= tO) on the basis of the engine revolution number Ne 
and the throttle opening 01 read in Step 402 and Step 
403, respectively. 

[0049] Next, in Step 405, the driving power variation 
part estimating means 140 presumes the engine revo- 
lution number Ne3 after the end of the change-speed (t 
> t4) on the basis of the Vsp at the time of the change- 
speed command output (t = tO). 
[0050] Next, in Step 406, the driving power variation 
part estimating means 140 presumes the throttle open- 
ing 94 after the end of the change-speed (t > t4) on the 



basis of the throttle opening 01 at the time of the change- 
speed command output (t = tO) 
[0051] Next, in Step 407, the driving power variation 
part estimating means 140 presumes the engine torque 
Te4 after the end of the change-speed (.t > t4) on the 
basis of the engine revolution number Ne3 and the throt- 
tle opening 04 read in Step 405 and Step 406, respec- 
tively. ' 

[0052] Finally, in Step 408, the driving power variation 
part is computed and estimated on the basis of the en- 
gine torque Tel at the time of the change-speed com- 
mand output (t = tO) found in Step 404; the engine torque 
Te4 after the end of the change-speed (t > t4)found in 
Step 407; the gear ratio of the transmission mechanism; 
and the neutral period (tl < t < t4) of the dog clutch de- 
termined by the hydraulic actuator 27 driving the hub 7. 
[0053] Incidentally, as the processes performed in the 
driving power variation part estimating means 140, with- 
out performing the above-mentioned computations, the 
driving power variation part at the time of the change- 
speed may be estimated by a map, etc. functioning so 
that the driving power variation part is obtained from the 
acceleration pedal controlling amount , the automobile 
speed Vsp and the change-speed command Ss. 
[0054] Next, processes performed in the driving pow- 
er correcting means 150 used in the control device of 
the hybrid car according to one embodiment of this in- 
vention will be explained using Fig. 5. 
[0055] Fig. 5 is a flow chart showing processes in the 
driving power correcting means used in the control de- 
vice of the hybrid car according to one embodiment of 
this invention. 

[0056] The driving power correcting means 150 com- 
putes a driving power correction part on the basis of the 
driving power variation part estimated in the driving pow- 
er variation part estimating means 1 40, computes a mo- 
tor torque commanding value Tm achieving the above- 
mentioned driving power correction part, and sends the 
computed motor torque commanding value Tm to the 
motor controlling unit 37. 

[0057] First, in Step 501 , the driving power correcting 
means 1 50 reads the driving power variation part at the 
time of the change-speed. 

[0058] Next, in Step 502, the driving power correcting 
means 150 computes the driving power correction part 
on the basis of the driving power variation part read in 
Step 501 . 

[0059] Next, in Step 503, the driving power correcting 
means 1 50 computes the motor torque Tm2 at the time 
of the change-speed on the basis of the driving power 
correction part computed in Step 502. 
[0060] Next, in Step 504, the driving power correcting 
means 1 50 estimates the delay part of the engine torque 
after the end of the change-speed (t>t4), and computes 
the motor torque Tm3 after the end of the change-speed 
(t>t4). 

[0061 ] Finally, in Step 505, the driving power correct- 
ing means 150 sends as the motor torque commanding 
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value Tm the motor torque at the time of the change- 
speed, Tm2 and the motor torque after the end of the 
change-speed (t > t4), Tm3 found in Step 503 and Step 
504, respectively. 

[0062] Next, processes performed in the revolution 
number synchronizing means 160 used in the control 
device of the hybrid car according to this embodiment 
will be explained using Fig. 6. 

[0063] Fig. 6 is a flow chart showing the processes in 
the revolution number synchronizing means 1 60 used 
in the control device of the hybrid car according to one 
embodiment of this invention. 
[0064] First, in Step 601 , the revolution number syn- 
chronizing means 160 reads the driving power correc- 
tion part. 

[0065] Next, in Step 602, the revolution number syn- 
chronizing means 160 computes the output shaft revo- 
lution number (motor revolution number) Nm3 attheend 
of the change-speed (t = t4) on the basis of the driving 
power correction part read in Step 601 . 
[0066] Next, in Step 603, the revolution number syn- 
chronizing means 160 computes the target engine rev- 
olution number Ne3 at the end of the change-speed (t 
= t4) on the basis of the output shaft revolution number 
Nm3 found in Step 602. 

[0067] Next, in Step 604, the revolution number syn- 
chronizing means 160 computes the target throttle 
opening 3 for the revolution number synchronization on 
the basis of the target engine revolution number Ne3 at 
the end of the change-speed (t = t4) found in Step 603. 
[0068] Next, in Step 605, the revolution number syn- 
chronizing means 1 60 computes timing t3 for outputting 
the target throttle opening 63 for the revolution number 
synchronization, found in Step 604. 
[0069] Finally, in Step 606, the revolution number syn- 
chronizing means 160 sends to the engine controlling 
unit 35 the target throttle opening 03 on the basis of the 
target throttle opening 63 and its output timing t3 found 
in Step 604 and Step 605, respectively. 
[0070] Fig. 7 is a system construction diagram of a 
hybrid car using a power generator connected to the in- 
put shaft of the transmission as revolution number syn- 
chronizing means, in the hybrid car using the control de- 
vice of the hybrid car according to another embodiment 
of the present invention. 

[0071] A revolution number synchronizing means 
160a outputs a power generator revolution number 
NgREF on the basis of the driving power correction part 
computed in the driving power correcting means 1 50. At 
that time, in orderto control the revolution number of the 
input shaft 40 of the transmission by the power genera- 
tor 18, it is needed to move the hub 1 6 in the axial di- 
rection of the output shaft 13, and to couple directly the 
mating gear 1 4 and the hub 7 through the power gener- 
ator synchronizer ring 15. The other construction is the 
same as that in Fig. 1 , and therefore the explanation of 
the parts to which the same reference numerals are at- 
tached is abbreviated. 



[0072] With the construction shown in Fig. 7, it is pos- 
sible to perform the revolution number synchronization 
between the input shaft 40 and the output shaft 20 using 
the power generator 18. 

5 [0073] Then, the control method at the time of the 
change-speed using the control device of a hybrid car 
according to the embodiment, shown in Fig. 7, will be ex- 
plained using Fig. 8, Fig. 10, Fig. 5 and Fig. 11. 
[0074] First, a control method at the time of the first 

io to second change-speed will be explained using Fig. 8. 
[0075] Fig. 8 is a time chart showing the control meth- 
od at the time of the first to second change-speed using 
the control device for the hybrid car according to one 
embodiment of this invention, shown in Fig. 7. 

is [0076] In Fig. 8, Fig. 8(A) indicates a change-speed 
command Ss, Fig. 8(B) a shift lever position li, Fig. 8(C) 
a throttle opening 8, Fig. 8(D) engine torque Te, Fig. 8 
(E) motor torque Tm, Fig. 8(F) output shaft torque To 
corresponding to the driving power of the automobile, 

20 Fig. 8(G) a power generator revolution number Ng, Fig. 
8(H) an engine revolution number Ne, and Fig. 8(l) an 
output shaft revolution number Nm. Also, the abscissa 
axis of the chart indicates time. 
[0077] As shown in Fig. 8(A), at the point of time to, 

25 when the change-speed command Ss is output from the 
change-speed switching means 130 as shown in Fig.2 
in response to the acceleration pedal controlling amount 
and the automobile speed Vsp, control for suppressing 
the driving power variation occurring at the time of the 

30 change-speed is started. For the purpose of simplifica- 
tion, similarly to the case shown in Fig. 3, it is assumed 
that the acceleration pedal controlling amount is con- 
stant ( = s). 

[0078] In the first, as shown in Fig. 8(C), the electron- 

35 tcalfy controlled throttle is controlled to start the closing 
thereof at t = to, and to become the throttle opening 9 = 
82 (= 0). This is because it is needed to synchronize the 
torque of the input shaft 40 of the transmission and the 
torque of its output shaft 20 to alter the dog clutch from 

40 the first speed coupling state to the released state under 
the condition that the moving start clutch 39 is connect- 
ed, so it is needed to control the engine torque Te in 
response to the motor torque Tm for correcting the 
torque reduction of the output shaft at the time of the 

45 dog clutch releasing. As shown in Fig. 8(D), there is a 
slight response delay in the engine torque Te after the 
closure of the throttle opening 8, and at the point of time 
t1 the engine torque Te starts its reduction. 
[0079] And, as shown in Fig. 8(E), at the point of time 

so tl, the motor torque Tm starts its increase, and as shown 
in Fig. 8(B), at the point of time t2 at the time when the 
engine torque Te and the motor torque Tm are synchro- 
nized, the dog clutch becomes its release condition, and 
the shift lever position li is moved from the first speed 

55 state to a neutral state. Since during such release con- 
dition of the dog clutch, the engine torque Te is not trans- 
mitted from the input shaft 40 of the transmission to its 
output shaft20, torque reduction by which the occupant 
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of the automobile would receive a shock occurs, so the 
treatment for correcting the above-mentioned torque re- 
duction part by increasing the motor torque up to Tm2 
as shown in Fig. 8(E) is considered. At that time, the 
output shaft revolution number increases by the amount 
corresponding to the increase of the motor torque to 
Tm2. 

[0080] On the other hand, in order to couple the dog 
clutch to the second speed state, it is needed to perform 
synchronization between the engine revolution number 
Ne and output shaft revolution number Nm. However, 
there occurs a problem that since the throttle is closed 
to release the dog clutch, the engine revolution number 
drops up to Ne2 so the revolution number synchroniza- 
tion becomes imperfect, at the time of the coupling in- 
ertia torque is produced and the coupling to the second 
speed becomes impossible. 

[0081] In order to solve this problem, it is needed to 
increase the power generator revolution number up to 
NgREF by controlling the power generator at the point 
of time t3 as shown in Fig. 8(D), thereby to synchronize 
the engine revolution number Ne with the output shaft 
revolution number Nm. At that time, it is needed that the 
output shaft 13 of the power generator 1 8 and the input 
shaft 40 of the transmission have been coupled directly 
by the movement of the hub 1 6 in the direction as shown 
in Fig. 7. The target revolution number NgREF of the 
power generator is so determined that the engine revo- 
lution number Ne is synchronized with the output shaft 
revolution number Nm, on the basis of the motor torque 
Tm2 at the time of the dog clutch releasing and the pe- 
riod during which that torque is outputting. In response 
to this power generator revolution number NgREF, the 
engine revolution number Ne increases up to Ne3, at 
the point of time t4 the engine revolution number Ne3 
and the output shaft revolution number Nm3 are syn- 
chronized, thereby to couple the dog clutch to the sec- 
ond speed, and the shift lever position li moves from the 
neutral to the second speed. Also, at the time t > t4, in 
order to correct the delay part of the engine torque Te, 
the motor torque is controlled to become Tm3, whereby 
the delay of the motor torque Te is removed and the 
change-speed control is finished. The above-mentioned 
control method enables to suppress the torque variation 
occurring at the time of the change-speed, and to pro- 
vide smooth change-speed. 

[0082] Next, a method for estimating the driving pow- 
er variation part at the time of the change-speed will be 
explained using Fig. 9. 

[0083] Fig. 9 is a flow chart showing processes per- 
formed in the driving power variation part estimating 
means 140 which is used in the controlling apparatus 
for the hybrid car according to one embodiment of this 
invention, as shown in Fig. 7. 

[0084] The driving power variation part estimating 
means 140 estimates the driving power variation part 
on the basis of the target driving power found from the 
acceleration pedal operating amount and the automo- 



bile speed Vsp. 

[0085] First, in Step 901 , the driving power variation 
part estimating means 140 reads the change-speed 
command Ss. 

5 [0086] Next, in Step 902, the driving power variation 
part estimating means 140 reads the engine revolution 
number Nel at the time of the change-speed command 
output (t = tO) detected by an engine revolution number 
sensor (not shown), etc. 

10 [0087] Next, in Step 903, the driving power variation 
part estimating means 1 40 reads the throttle opening 01 
at the time of the change-speed command output (t = 
tO) sent from the engine controlling unit 35 through the 
LAN. 

is [0088] Next, in Step 904, the driving power variation 
part estimating means 140 computes the engine torque 
Tel at the time of the change-speed command output (t 
= tO) on the basis of the engine revolution number Nel 
and the throttle opening 91 read in Step 902 and Step 
20 903, respectively. 

[0089] Next, in Step. 905, the driving power variation 
part estimating means 140 presumes the engine revo- 
lution number Ne3 after the end of the change-speed (t 
> t4) on the basis of the Vsp at the time of the change- 
rs speed command output (t = tO). 

[0090] Next, in Step 906, the driving power variation 
part estimating means 140 presumes the throttle open- 
ing 04 after the end of the change-speed (t > t4) on the 
basis of the throttle opening 61 at the time of the change- 
so speed command output (t = tO) 

[0091] Next, in Step 907, the driving power variation 
part estimating means 1 40 presumes the engine torque 
Te4 after the end of the change-speed (t > t4) on the 
basis of the engine revolution number Ne and the throt- 
35 tie opening 64 read in Step 905 and Step 906, respec- 
tively. 

[0092] Finally, in Step 908, the driving power variation 
part is computed and estimated on the basis of the en- 
gine torque Tel at the time of the change-speed com- 

40 mand output (t = tO) found in Step 904; the engine torque 
Te4 after the end of the change-speed (t > t4) found in 
Step 907; the gear ratio of the transmission mechanism; 
and the neutral period (tl < t < t4) of the dog clutch de- 
termined by the hydraulic actuator 27 driving the hub 7. 

45 [0093] Incidentally, as the processes performed in the 
driving power variation part estimating means 1 40, with- 
out performing the above-mentioned computations, the 
driving power variation part at the time of the change- 
speed may be estimated by a map, etc. functioning so 

so that the driving power variation part is obtained from the 
acceleration pedal controlling amount , the automobile 
speed Vsp and the change-speed command Ss. 
[0094] Next, processes performed in the driving pow- 
er correcting means 150 used in the control device of 

55 the hybrid car according to one embodiment of this in- 
vention, as shown in Fig. 7 will be explained using Fig. 
10. 

[0095] Fig. 1 0 is a flow chart showing the processes 



8 



15 



EP1 122 109 A2 



16 



in the driving power correcting means used in the control 
device of the hybrid car according to one embodiment 
of this invention. 

[0096] The drivi ng power correct] ng means 1 50 com- 
putes a driving power correction part on the basis of the 
driving power variation part estimated in the driving pow- 
er variation part estimating means 140, computes a mo- 
tor torque commanding value Tm achieving the above- 
mentioned driving power correction part, and sends the 
computed motor torque commanding value Tm to the 
motor controlling unit 37. 

[0097] First, in Step 1 001 , the driving power correct- 
ing means 150 reads the driving power variation part at 
the time of the change-speed. 
[0098] Next, in Step 1 002, the driving power correct- 
ing means 150 computes the driving power correction 
part on the basis of the driving power variation part read 
in Step 1001. 

[0099] Next, in Step 1 003, the driving power correct- 
ing means 150 computes the motor torque Tm2 at the 
time of the change-speed on the basis of the driving 
power correction part computed in Step 1 002. 
[0100] Finally, in Step 1004, the driving power correct- 
ing means 150 sends as the motor torque commanding 
value Tm the motor torque Tm2 found in Step 1 003. 
[0101] Next, processes performed in the revolution 
number synchronizing means 160a used in the control 
device of the hybrid car according to this embodiment, 
as shown in Fig. 7 will be explained using Fig. 11. 
[0102] Fig. 11 is a flow chart showing the processes 
in the revolution number synchronizing means 1 60a 
used in the control device of the hybrid car according to 
one embodiment of this invention, as shown in Fig. 7. 
[0103] First, in Step 1101 , the revolution numbersyn- 
chronizing means 1 60a reads the driving power correc- 
tion part. 

[01 04] Next, in Step 1 1 02, the revolution number syn- 
chronizing means 160a computes the output shaft rev- 
olution number (motor revolution number) Nm3 at the 
end of the change-speed (t = t4) on the basis of the driv- 
ing power correction part read in Step 11 01 . 
[0105] Next, in Step 1 1 03, the revolution number syn- 
chronizing means 1 60a computes the target engine rev- 
olution number Ne3 at the end of the change-speed (t 
= t4) on the basis of the output shaft revolution number 
Nm3 found in Step 1102. 

[01 06] Next, in Step 1 1 04, the revolution number syn- 
chronizing means 1 60a computes the target power gen- 
erator rotation number NgREFfor the revolution number 
synchronization on the basis of the target engine revo- 
lution number Ne3 at the end of the change-speed (t = 
t4) found in Step 1103. 

[0107] Finally, in Step 1105, the revolution number 
synchronizing means 1 60a sends to the engine control- 
ling unit 35 the target power generator rotation number 
NgREF found in Step 1104. 

[0108] Incidentally, this invention is not intended to 
limit to the system construction of the above-mentioned 



embodiments, but it may be applied to either of a gaso- 
line engine or a diesel engine as the engine as shown. 
Further, the gear transmission mechanism in this inven- 
tion may be constructed so that it can establish the 
5 change-speed stages of four or more forward move- 
ment speeds, and furthermore it may quip a gear trans- 
mission mechanism for establishing reverse movement 
stages. 

[01 09] Fig. 1 2 is a system constructive diagram show- 
10 ing controlled objects in the control device for a hybrid 
car according to still another embodiment of this inven- 
tion. 

[0110] An engine 1 000 includes an electronically con- 
trolled throttle 1 001 which can cause air amount sucked 

15 into the engine to vary by means of a control device (not 
shown) separately from an acceleration pedal control- 
ling amount, thereby to change the revolution torque of 
an engine output shaft 1002. Incidentally, the torque of 
the engine output shaft 1002 can be changed, aside 

20 from the control of the electronically controlled throttle 
1002, also by a fuel supply amount, an ignition timing 
control, etc. 

[0111] A transmission 1100 transmits the revolution 
torque of the engine output shaft 1 002 to a transmission 

25 input shaft 1 1 02 through a moving start clutch 1101. The 
transmission input shaft 1102 has an input shaft-side 
third speed gear 1 1 03, an input shaft-side second speed 
gear 1 1 04 and an input shaft-side first speed gear 1 1 05, 
attached thereto. 

30 [0112] These input shaft-side gears always engage 
with an output shaft-side third speed gear 11 06, an out- 
put shaft-side second speed gear 1108 and an output 
shaft-side first speed gear 1110, respectively, and the 
revolution of the engine output shaft 1 002 is transmitted 

35 at the change-speed ratios depending upon the diame- 
ter ratios of the respective engaged gears. 
[0113] The revolution of the output shaft-side third 
speed gear 1 1 06 is transmitted to a peed changer output 
shaft (driving shaft) 1 200 through a wet type clutch 1 1 07. 

40 This wet type clutch 1 1 07 is preferably of a multiple plate 
clutch , for example , but may be the other wet type clutch 
or dry type clutch. 

[01 14] The revolution of the output shaft-side second 
speed gear 1 1 08 and the revolution of the output shaft- 

45 side first speed gear 1 1 1 0 are selectively transmitted to 
the transmission output shaft 1 200 through a dog clutch 
1 1 09. That is to say, the output shaft-side second speed 
gear 1 1 08 and the output shaft-side first speed gear are 
formed in midair at their center positions so that they are 

so not fixed to the transmission output shaft 1 200. Fixed to 
the transmission output shaft 1200 is the dog clutch 
1109, so the dog clutch 1109 moves right and left in the 
directions shown by the allow line in Fig. 12, following 
to the rotation of the transmission output shaft 1 200. To 

55 enable this movement, it is preferable to use an elec- 
tronic solenoid (not shown), etc. 
[0115] When the dog clutch 1 109 moves on the right 
in Fig. 12, one side gear surface of the dog clutch 11 09 
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contacts to and engages with the mating gear surface 
provided on the side of the output shaft-side first speed 
gear 1110, as shown by the dotted line aspect in the 
drawing, whereby the rotation of the engine output shaft 
1002 is change-speedd pursuant to the diameter ratio 5 
between the input shaft-side first speed gear 1105 and 
the output shaft-side first gear 1110 and transmitted to 
the driving shaft 1200. 

[01 16] When the dog clutch 1 1 09 moves on the left in 
Fig. 12, the other side gear surface of the dog clutch 
1 1 09 contacts to and engages with the mating gear sur- 
face provided on the side of the output shaft-side second 
speed gear 1109, as shown by the solid line aspect in 
the drawing, whereby the rotation of the engine output 
shaft 1002 is change-speedd pursuant to the diameter 
ratio between the input shaft-side second speed gear 
1 1 04 and the output shaft-side first speed gear 1 1 08 and 
transmitted to the driving shaft 1200. The transmission 
path of the revolution torque in this case is indicated by 
allow line 1402 in Fig. 12. 

[01 17] When the dog clutch 11 09 is in the middle po- 
sition in which it does not engage with either the output 
shaft-side second speed gear 11 08 or the output shaft- 
side first speed gear 1110, the transmission of the rev- 
olution torque through the output shaft-side second 
speed gear 1 1 08 and the output shaft-side first speed 
gear 1110 does not be performed, and neutral state oc- 
curs. That is to say, in the neutral state, the dog clutch 
1109 is in the middle position between the dotted line 
aspect and the solid line aspect shown in Fig. 12. 
[0118] When the dog clutch 1109 is in the neutral 
state, if the wet type clutch 1107 is in the closed condi- 
tion, the revolution torque of the engine output shaft 
1002 is transmitted to the driving shaft 1200 at the 
change-speed ratio pursuant to the diameter ratio of the 
input shaft-side third speed gear 1101 and the output 
shaft-side third speed gear 1 1 06. The transmission path 
of the revolution torque in this case is indicated by a dot- 
ted arrow line 1401 in Fig. 12. 

[0119] When the dog clutch 1109 is in the neutral 
state, if the wet type dutch 1107 is in the opened con- 
dition, the revolution of the driving shaft 1200 and the 
revolution of the engine output shaft are separated. 
[01 20] The revolution torq ue transmitted to the driving 
shaft (transmission output shaft) 1200 drives a driving 
wheel through a differential gear 1201 . 
[0121] The input shaft-side first speed gear 1105 is 
connected to a motor generator 1300 through a motor- 
side gear 1 303 and a motor connecting clutch 1 302. The 
revolution of the motor shaft 1 301 of the motor generator 
1300 and the transmission input shaft 1102 can be cou- 
pled and uncoupled by the closing and opening of the 
motor connecting dutch 1302. 
[0122] In case where the moving start clutch 1101 is 
opened, the motor connecting clutch 1 302 is closed and 
the dog clutch 1109 is coupled to the output shaft-side 
first speed clutch 1 1 1 0, it is possible to effect the moving 
start of the automobile by the driving power of the motor 



generator transmitted through the path shown by arrow 
line 1404, whereby it is possible to effect the operation 
with higher efficiency than in the case of the moving start 
using the engine 2000 giving poor fuel consumption at 
the time of the moving start of the automobile. Also, at 
the time of slope downward movement operation, brak- 
ing operation or the like, it is possible to bring regener- 
ation as shown in the arrow line 1403. 
[01 23] Next, a case where in such driving system the 
change-speed is performed from the first speed condi- 
tion in which the driving is effected by the engine 1000 
rather than the motor generator 1300, the moving start 
clutch 1 1 01 is closed, the wet type clutch 1 1 07 is opened 
and the dog clutch 1109 is coupled to the output shaft- 
side first speed gear 1110, to the second speed condi- 
tion in which the dog clutch 1 1 09 is coupled to the output 
shaft-side second speed gear 1108, will be explained 
with reference to Fig. 13. 

[0124] In this case, the motor connecting dutch 1301 
can take either of the opened or closed condition de- 
pending upon the operation modes. If a battery (not 
shown) is fully charged, it is opened, if regeneration is 
created by the revolution of the engine output shaft 
1002, it is closed, and in case where the revolution 
torque is being adjusted, it is also closed. Fig. 13 shows 
an example of the case in which the battery is in the fully 
charged condition, the adjustment of the revolution 
torque of the transmission input shaft 1102 is not per- 
formed and the motor connecting clutch is opened. 
[0125] Dotted line 1504 in Fig. 13 represents the rev- 
olution torque of the engine output shaft 1 002 transmit- 
ted to the driving shaft through the output shaft-side first 
speed gear 1110 or the output shaft-side second speed 
gear! 108 and the dog clutch 1109. Dotted line 1505 in 
Fig. 13 represents the torque transmitted to the driving 
shaft through the motor-side gear 1 303, the transmis- 
sion input shaft 1102, the input shaft-side third speed 
gear 1103, the output shaft-side third speed gear 1106 
and the closed wet type dutch 1107, when the motor 
generator 1300 is in the power running condition and 
the motor connecting dutch 1302 and the wet type 
clutch 1 1 07 are closed. 

[0126] If a change-speed signal for effecting the 
change-speed to the second speed at the time of the 
first speed condition is received, the dog clutch 11 09 is 
separated from the engagement with the output shaft- 
side first speed gear 1110, whereby the torque transmit- 
ted to the driving shaft 1200 is decreased as shown in 
dotted line 1 504. At the same time, by closing the motor 
connecting clutch 1302 and the wet type clutch 1107, 
the torque generated by the motor generator 1300 is 
transmitted to the driving shaft 1 200 as it increases as 
shown by dotted line 1505. Therefore, the revolution 
torque of the driving shaft 1 200 varies as shown by solid 
line 1503 in such a manner that its variation is changed 
from dotted line 1504 to a dotted line 1505. 
[0127] Thus, the fluctuation and decrease of the driv- 
ing shaft torque which occur at the time when the dog 
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clutch 1109 changes from the first speed condition to 
the neutral condition are suppressed. 
[0128] Also, when the shift from the neutral state to 
the second speed state is performed, such control that 
the dog clutch 1 1 09 engages with the output shaft-side 
second speed gear and on the other hand the wet type 
clutch 1107 and the motor connecting clutch 1302 are 
gradually opened is earned out. This causes the revo- 
lution torque of the driving shaft 1200 to vary as shown 
by solid line 1503 in such a manner that its variation is 
changed from dotted line 1505 to dotted line 1504. 
[0129] Thus, the fluctuation of the driving shaft torque 
which occurs at the time when the dog clutch 1109 
changes from the first speed to the neutral state is sup- 
pressed. 

[01 30] With such construction, the torque of the driv- 
ing shaft 1200 changes substantially smoothly at the 
time of the change-speed, as shown by solid line 1503, 
whereby a torque shock which a driver would receive 
can be reduced. 

[0131] Incidentally, although in the above-mentioned 
description an example of the torque compensation per- 
formed by the motor generator 1 300 during the change- 
speed was mentioned, when it is not possible to effect 
the power running of the motor generator 1300, in case 
where the driving power of the engine 1 000 is positively 
used, or the like, it is possible to perform the torque 
shock reduction like solid line 1503 in Fig. 13 with only 
the control of the engine 1 000 and the wet type clutch 
1107. 

[0132] In that case, by changing the throttle opening 
as shown by solid line 1 501 in Fig. 13 using an electron- 
ically controlled throttle, and performing a control for 
closing the wet type clutch 1107 when the dog clutch 
1 1 09 is in the neutral state, it is possible to perform the 
control of the torque, like dotted line 1505 in Fig. 13, 
transmitted on the path along the engine driving shaft 
1 002, the moving start clutch 1 1 01 , the transmission in- 
put shaft 1102, the input shaft-side third speed gear 
1103, the output shaft-side third speed gear 1106 and 
the wet type clutch 1107, that is the path indicated by 
arrow line 1401 in Fig. 12, whereby it can be used in 
place of the driving power of the motor generator 1300. 
[0133] Incidentally, although the connection place of 
the motor generator 1 300 to the transmission 1 1 00 was 
explained to be the input shaft-side first speed gear 
1 1 05, the same effect is obtainable even though it is the 
input shaft-side second speed gear 1104, the input 
shaft-side second speed gear 1103, the output shaft- 
side gears 1 1 06, 1 1 08 or 1 1 1 0, as the case may be. Also, 
the same effect is obtainable even though it is connect- 
ed to the transmission input shaft 1102. Also, it is not 
needed that the gears are arranged in the order shown 
in Fig. 12, and the same effect is obtainable even though 
the first speed and the second speed are reversed, or 
the number of the change-speeds is 4 or 5. Also, this 
invention is not limited to the construction in which the 
wet type clutch is provided on the third speed gear. 



[0134] In accordance with this invention, in a hybrid 
car equipped with an engine and a motor, in case where 
a staged gear transmission is change-speed using a 
synchronization mating type mechanism, the improve- 

5 ment of acceleration ability for the automobile can be 
achieved by compensating torque reduction at the time 
of the change-speed occurring at the time of the cutting 
off of the moving start clutch and by increasing the driv- 
ing torque of the motor, thereby to suppress the gener- 

10 ation of inertia torque when the occurrence of the sense 
of deceleration at the time of the change-speed is elude. 



an internal combustion engine (1), 
at least one dynamo-electric machine (19), 
20 a transmission mechanism between the output 

shaft (2) 

of said internal combustion engine (1) and the 
output shaft (20) of said dynamo-electric ma- 
chine (19), and 

25 a clutch mechanism for change-speed switch- 

ing provided in said transmission mechanism, 
wherein said change-speed switching is effect- 
ed without intercepting power transmission 
from the output shaft (2) of said internal com- 

30 bustion engine (1) to said transmission mech- 

anism, further comprising; 
a driving power variation part estimating means 
(140) for estimating a driving power variation 
part at the time of said change-speed switching, 

35 and 

a driving power correcting means (150) for in- 
creasing the output of said dynamo-electric ma- 
chine (1 9) so as thereby to correct said driving 
power variation part, on the basis of the driving 

40 power variation part found by said driving pow- 

er variation part estimating means (140). 

2. The control device for a hybrid car of claim 1 , further 
comprising; 

45 a revolution number synchronizing means 

(160) for effecting revolution number synchroniza- 
tion between the output shaft (2) of said internal 
combustion engine (1) and the output shaft (20) of 
said dynamo-electric machine (1 9) on the basis of 

so the driving power correction part found by said driv- 
ing power correcting means (150). 

3. The control device for a hybrid car of claim 2, where- 
in an electronically controlled throttle is used in said 

55 revolution number synchronizing means (1 60). 

4. The control device for a hybrid car of claim 2, where- 
in a second dynamo-electric machine connected to 



Claims 

15 

1 . A control device for a hybrid car including; 



11 
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said internal combustion engine (1) is used in said 
revolution number synchronizing means (160). 
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